describing elastic X-ray scattering, is modular in its form factors f(q): each conserved module (domain, fold or subunit) can be represented by the f(q) encompassing all its atoms. The ratio of two SAXS curves largely removes dominating and exponentially decaying f(q) contributions to produce an equally weighted q space.
SAXS metrics frequently compare models to experimental data, but the modification and application of metrics specifically for comparing two experiments are rare. Yet such comparisons are becoming increasingly relevant given that SAXS can generate highthroughput and low-noise data. SAXS, which measures superposition-independent averages, has advantages over other approaches: r.m.s. deviation assessments, for example, are biased by superposition. 
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Comprehensive macromolecular conformations mapped by quantitative SAXS analyses
To the Editor: Biological macromolecular functions require distinct conformational states that are challenging to examine comprehensively. Current methods to quantify conformational similarities and distinguish different assembly states are underdeveloped. Recent developments in small-angle X-ray scattering (SAXS) have shown that SAXS can provide the resolution to resolve conformational states, characterize flexible macromolecules and screen in high throughput under most solution conditions 1 . However, robust tools for comprehensively characterizing and visualizing the different conformational states identified by SAXS have been lacking. Here we present the SAXS structural comparison map (SCM) and volatility of ratio (V R ) difference metric, which together provide quantitative and superpositionindependent evaluation of solution-state conformations.
SCMs are diagonally symmetric matrices in which each matrix element (cell) quantifies the pairwise agreement between two of n SAXS data sets, color mapped from red (similar) to white (different) (Fig. 1) . V R , which can be visually displayed in an SCM, derives from the ratio between two experimental SAXS profiles (scattering intensity versus momentum transfer q, where q = 4π(sin(θ/2))/λ, θ = scattering angle and λ = X-ray wavelength). This ratio is normalized so that the average across the resolution range is 1 and is then binned at the minimal frequency 2 Dq = π/d (where d is the maximum dimension of the particle). For d < 400 Å and q < 0.2 Å -1 , this produces 25 bins. From the binned normalized ratio R(q), volatility is calculated as the sum of the absolute values of the differences between the R(q) of sequential bins divided by their averages (Supplementary Note)
where R is the ratio of intensities at q i .
X-ray scattering properties inspired us to develop V R . The Debye approximation, To test the correlation of V R and of other metrics with conformation, we calculated SAXS curves from known structures. SCM 'vector components' score the agreement of a reference experiment against others, quantitating changes in conformations (Fig. 1a,b and Supplementary Note), populations, flexibility and assemblies. The weighting and sampling inherent in V R emphasize distinctions, similarities and trends (Fig. 1a,b and Supplementary Note). χ 2 , the Pearson correlation coefficient 3, 4 and other metrics use subtracted differences between scattering curves, so high-intensity low-q regions dominate when these measures are applied. In contrast, V R more equally weights q space and imposes a binning to exploit the inherent oversampling of modern SAXS experiments, thus improving discrimination of noisy data.
For comprehensive visualization of relative conformational similarity, vectors (Fig. 1a,b) are assembled together to form SCMs (Fig. 1c) . We interrogated an SCM from experiments on the ATPase MutSβ using V R as a comparison metric (Fig. 1c, Supplementary  Note and Supplementary Methods) . MutSβ removes extrahelical DNA loops and improperly paired bases 5 , which lead to cancer and genome instability if unrepaired. Human MutSβ, a heterodimer of Msh2 and Msh3 (Fig. 1d) , undergoes an ordered series of nucleotide-dependent steps to initiate repair. We measured ten liganded states of MutSβ, including states with and without DNA substrate. We used nonhydrolyzable ATP analogs and ADP to probe conformational states before and after hydrolysis, respectively. Three SCM features were apparent (Fig. 1c) . First, by grouping rows (or columns) with similar patterns, we identified three major conformational sets: ADP and ATP, ATPγS and AMP-PNP, and nucleotide free. Second, ATP results were similar to those obtained with ADP and contrasted with those for nonhydrolyzable ATP analogs, implying that MutSβ hydrolyzes ATP to ADP. Through crosslinking of radiolabeled nucleotides, we verified that Msh3 hydrolyzed ATP to ADP and that both subunits were occupied whether ADP or ATP was added (Fig. 1e) . Third, DNA binding (Fig. 1f) had little impact on MutSβ conformation (Fig. 1c) relative to nucleotide binding. Single-molecule fluorescence resonance energy transfer 6 and the crystal structure 7 have shown that MutSβ binding bends DNA; SAXS results revealed that nucleotide binding-not DNA binding-drives MutSβ conformational changes, suggesting that MutSβ sculpts DNA, which has implications for mismatch repair and signaling.
SCMs provide a natural visualization tool to guide further investigations. To disseminate the use of SCMs, we developed a web application at http://sibyls.als.lbl.gov/saxs_similarity/. Each individual cell has been enhanced to report on the change in the radius of gyration (DR g ), which begins the characterization of the underlying structural changes. For example, examination of the contrasting ATP versus AMP-PNP states of MutSβ (Fig. 1c) revealed a 6-Å difference in R g . Fundamentally, SCMs are numerical matrices (Supplementary Tables 1 and 2 ) that can be quantitatively clustered and that highlight biologically important distinctions. SCMs complement SAXS shape reconstructions, which require proof of homogeneity and in-depth analyses 1 . Importantly, the resolution of SAXS shapes is not always sufficient to identify conformational changes even when SAXS profiles show differences, as revealed in SCMs.
We anticipate that next-generation light sources for SAXS will use submicroliter volumes of submicrogram quantities and subsecond data collection times that will rapidly accelerate data collection. V R objectively assesses similarity among macromolecu-
Endrov: an integrated platform for image analysis
To the Editor: Many of the current advances in microscopy, such as high-throughput screening and super-resolution imaging, rely heavily on software. In your recent issue on bioimaging, several free software packages were presented, such as Fiji 1 , BioImageXD 2 and Icy 3 . Challenges in imaging remain, however, including how to efficiently work with large, complex data sets and how to treat metadata (annotation) in conjunction with image data. Driven by the needs of our research, we developed an imaging platform, Endrov, to address these challenges. Endrov is aimed at the needs of both users and developers, is implemented in Java and covers both acquisition and postprocessing. (For a list of Endrov can control light and fluorescence microscopes and many types of cameras by accessing µManager device adaptors 4 (http://www.micro-manager.org/). The µManager microscope user interface has been rewritten to integrate with Endrov, and it shares all the underlying data (Supplementary Fig. 1a) . This npg
